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,QWKLVZRUNDQHZPDJQHWRPHWHUVHWXSDQGDQRYHOPRGHOEDVHGGDWDHYDOXDWLRQWHFKQLTXHZDVXVHGWRGHWHUPLQHWKH
FUHHS GDPDJH LQ IHUULWLF SRZHU SODQW VWHHO 7KH WHVWHG PDWHULDO ZDV &U0R9 IHUULWLF VWHHO ZKLFK LV
FRPPRQO\ XVHG DV SLSHOLQH EDVH PDWHULDO RI VWHDP JHQHUDWRUV LQ SRZHU SODQWV ,W LV FRPPRQO\ DFFHSWHG WKDW D
FRPELQHG IRUPRI IDWLJXH DQG WKH FUHHS SURFHVVHV FDXVH WKH GHWHULRUDWLRQ RI WKLV VWUXFWXUDO SDUWV GXH WR ORQJ WLPH
HOHYDWHG WHPSHUDWXUH VHUYLFH 1RZDGD\V WKHUH LV LQFUHDVLQJ QHHG IRU UHPDLQLQJ OLIHWLPH HVWLPDWLRQ RI WKHVH
HQJLQHHULQJ VWUXFWXUHV ,Q WKLV SDSHU WKH YDULDWLRQ RIPDJQHWL]DWLRQ FXUYHV RI&U0R9 IHUULWLF VWHHO GXH WR FUHHS
PHDVXUHG DQG WKH UHODWLRQ EHWZHHQ FUHHS GDPDJH DQG WKH PDJQHWLF SURSHUW\ FKDQJHV LV GLVFXVVHG $ QHZ GDWD
HYDOXDWLRQWHFKQLTXH LVSUHVHQWHGZKLFK LVEDVHGRQ WKHK\SHUEROLFPRGHORIPDJQHWL]DWLRQ$PDJQHWLFGHVFULSWRU
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FXUYH7KHLQWURGXFHGSDUDPHWHUDQGHYDOXDWLRQWHFKQLTXHVHHPV WREHHVSHFLDOO\XVHIXOIRUPDJQHWLFQRQGHVWXFWLYH
UHPDQHQWOLIHWLPHHYDOXDWLRQ

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FDYLW\IRUPDWLRQDORQJJUDLQERXQGDULHVDQGWKHDSSHDUDQFHRIPLFURFUDFNVGXHWRFUHHS$PRQJRWKHUV
GLIIHUHQW PDJQHWLF QRQGHVWUXFWLYH WHVWLQJ PHWKRGV ZHUH GHYHORSHG IRU GHWHFWLQJ WKH PLFURVWUXFWXUDO
FKDQJHVRIVWUXFWXUDOVWHHOV>@2QHRIWKHPRVWFRPPRQO\XVHGVWUXFWXUHVHQVLWLYHPDJQHWLFSURSHUW\LV
WKHFRHUFLYLW\,W LVNQRZQWKDW WKHPHDVXUHPHQWRIFRHUFLYLW\ UHTXLUHVPDJQHWLFVDWXUDWLRQRI WKHWHVWHG
VDPSOH8QIRUWXQDWHO\LQFDVHRILQGXVWULDOQRQGHVWUXFWLYHPDJQHWLFPHDVXUHPHQWVKLJKH[FLWDWLRQILHOG
FDQQRWEHSURYLGHG$PDJQHWL]LQJ\RNHRIDSRUWDEOHPHDVXULQJKHDGLVQRWDEOHWRVDWXUDWHPDJQHWLFDOO\
DUHODWLYHO\ODUJHVWUXFWXUDOVWHHOSDUWOLNHDZDOORISLSHOLQHRUDSUHVVXUHYHVVHO
,Q WKLV ZRUN D QRYHO GDWD HYDOXDWLRQ WHFKQLTXH LV LQWURGXFHG WR REWDLQ D QHZ VWUXFWXUH VHQVLWLYH
PDJQHWLF GHVFULSWRU Ĭ )RU WKH GHWHUPLQDWLRQ RI WKLV QHZ PDJQHWLF GHVFULSWRU LW LV QRW QHFHVVDU\ WR
VDWXUDWHPDJQHWLFDOO\WKHVDPSOH,WFDQEHGHWHUPLQHGIURPWKHLQLWLDOSDUWRIWKHQRUPDOPDJQHWL]DWLRQ
FXUYH 7KH FDOFXODWLRQ SURFHGXUH RI WKH Ĭ SDUDPHWHU LV EDVHG RQ WKH PXOWLSKDVH K\SHUEROLF PRGHO RI
PDJQHWL]DWLRQ 0+0 >@ ,W LV NQRZQ WKDW WKH WKHUPRG\QDPLFDOO\ HTXLOLEULXP VWDWH RI D PDJQHWLF
PDWHULDO FDQ EH FKDUDFWHUL]HG E\ LWV DQK\VWHUHWLF PDJQHWL]DWLRQ FXUYH >@ ,Q WKH 0+0 PRGHO WKH
DQK\VWHUHWLFPDJQHWL]DWLRQFXUYHLVFRPSRVHGDVDOLQHDUFRPELQDWLRQRI1SLHFHVRIWDQJHQWK\SHUEROLF
IXQFWLRQV7KHK\VWHUHVLVORRSVDQGWKHQRUPDOPDJQHWL]DWLRQFXUYH>@DUHFRQVWUXFWHGIURPDQK\VWHUHWLF
FXUYH7KHPDWKHPDWLFDOIXQFWLRQREWDLQHGIRUWKHQRUPDOPDJQHWL]DWLRQFXUYHLVWKHIROORZLQJ

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
           



:KHUH0LVWKHPDJQHWL]DWLRQ0LVWKHVDWXUDWLRQPDJQHWL]DWLRQ+LVWKHPDJQHWLFILHOGVWUHQJWK1L
DUH VFDOLQJ SDUDPHWHUV$L DUH WKH DPSOLWXGHV RIPDJQHWL]DWLRQ FRPSRQHQWV $    ĮL LV WKH VKLIWLQJ
IDFWRUZKLFKLVDVVRFLDWHGZLWKWKHFRHUFLYLW\
,QWKLVDSSURDFKWKHPRGHOZDVDSSOLHGIRU1 WKHUHIRUHWZRK\SHUEROLFFRPSRQHQWVZHUHVXSSRVHG
7KH DSSOLHG IRUP RI WKH K\SHUEROLF PRGHO KDV ILYH ILWWLQJ SDUDPHWHUV 7KH FDOFXODWHG QRUPDO
PDJQHWL]DWLRQFXUYHZDVILWWHG WR WKHPHDVXUHGQRUPDOPDJQHWL]DWLRQFXUYHV)RUFKDUDFWHUL]LQJWKH
VWUXFWXUDO FKDQJHV GXH WR FUHHS SURFHVV D VWUXFWXUH VHQVLWLYH GHVFULSWRU Ĭ ZDV GHULYHG IURP WKH
SDUDPHWHUVRIWKHK\SHUEROLFPRGHO



           



:KHUH5LVWKHUHODWLYHUDWLRRIWKHVWK\SHUEROLFFRPSRQHQWLQSHUFHQWDJH

([SHULPHQWDO
0HDVXULQJVHWWLQJ
$ VKHHW PHWDO WHVWHU W\SH VHWWLQJZDV DSSOLHG IRUPHDVXULQJ WKHPDJQHWL]DWLRQ FXUYHV )LJ  WKDW
FRQWDLQVWZRUREXVW8VKDSHGIOX[FORVLQJ\RNHVPDGHIURPODPLQDWHG)H6LLURQFRUH7KHFURVVVHFWLRQ
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RI WKH \RNHV ZDV DERXW  WLPHV ODUJHU WKDQ WKH FURVV VHFWLRQ RI WKH VDPSOH WKHUHIRUH WKH H[WHUQDO
GHPDJQHWL]DWLRQHIIHFWZDVSUDFWLFDOO\DYRLGHG7KHUHIRUHWKHDSSOLHGVHWXSFDQEHFRQVLGHUHGDVDFORVHG
PDJQHWLFFLUFXLW7KHPDJQHWL]LQJDQGWKHVLJQDOFRLOVZHUHZRXQGDURXQGWKHPLGGOHSDUWRIWKHVDPSOH
7KH\KDYHDQGWXUQVUHVSHFWLYHO\$GLJLWDOIXQFWLRQJHQHUDWRUSURGXFHGWKHVLQXVRLGDOH[FLWDWLRQ
VLJQDODQGDYROWDJHUHJXODWHGFXUUHQWJHQHUDWRUVXSSOLHGWKHH[FLWDWLRQFRLO7KHPHDVXULQJGHYLFHZDV
FRPSOHWHO\FRPSXWHUFRQWUROOHGXVLQJDELWLQSXWRXWSXWGDWDDFTXLVLWLRQFDUGZKLFKDFFRPSOLVKHGWKH
PHDVXUHPHQWV7KHDSSOLHGPD[LPDOH[FLWDWLRQILHOGVWUHQJWKZDVDERXW$FP,QHDFKFDVHPLQRU
K\VWHUHVLVORRSVZHUHPHDVXUHG(DFKPLQRUK\VWHUHVLVORRSVZHUHUHFRUGHGE\PHDVXULQJSRLQWVRI
WKHP
7KHH[FLWDWLRQPDJQHWLF ILHOGZDV LQFUHDVHGIURP]HUR WR LWVPD[LPDOYDOXH LQHTXLGLVWDQWVWHSV
OHDYLQJ VHFRQGVGHOD\EHWZHHQ WKH LQFUHDVHRI WKH H[FLWDWLRQ DQG WKHGDWD DFTXLVLWLRQ IRUK\VWHUHVLV
ORRSV WR HQVXUH WKH VDPSOH¶V SHUIHFW PDJQHWLF DFFRPPRGDWLRQ %HIRUH PHDVXULQJ WKH PLQRU
PDJQHWL]DWLRQORRSVVDPSOHVZHUHGHPDJQHWL]HGZLWKDGHFD\LQJDOWHUQDWLQJPDJQHWLFILHOG
$OOWKHPDJQHWLFPHDVXUHPHQWVZHUHFRPSOHWHGUHODWLYHO\ORZ+]VLQXVRLGDOH[FLWDWLRQIUHTXHQF\
WRDYRLGWKHHGG\FXUUHQWHIIHFWDQGWRHQVXUHWKHPHDVXUHPHQWRISVHXGRVWDWLFPDJQHWL]DWLRQFXUYHV

)OX[ FORVLQJ \RNHV
7HVWHGVDPSOH ([FLWDWLRQ FRLO
6LJQDO FRLO

)LJ0HDVXULQJVHWXSDSSOLHGIRUFUHHSWHVWHGVDPSOHV

&UHHSWHVWDQGVDPSOHSUHSDUDWLRQ
&RPPHUFLDOSODWHVRI&U0R9VWHHO$670$%ZHUHXVHGIRUSUHSDULQJFUHHSVDPSOHV7KH
FKHPLFDOFRPSRVLWLRQRIWKHLQYHVWLJDWHGDOOR\FDQEHIRXQGLQ7DEOH

7DEOH&KHPLFDOFRPSRVLWLRQRIWKHWHVWHG&R90RVWHHOILJXUHVLQZW
& 6L 0Q 3 6 &U 0R 9 )H
        %DO
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7KHFUHHSWHVWVZHUHSHUIRUPHGDW.LQDLUXQGHUDSSOLHGWHQVLOHVWUHVVRI03DIRUVSHFLPHQV
ZLWKWKHOHQJWKRIPPDQGWKHFURVVVHFWLRQRIîPP7HQVSHFLPHQVZLWKGLIIHUHQWFUHHSVWUDLQ
ZHUHSUHSDUHGIRUHDFKVWUHVV%DUVDPSOHVZLWKGLPHQVLRQVRIîîPPZKRVHORQJD[LVLVWKH
VWUHVVGLUHFWLRQZHUHFXWIURPWKHFUHHSVSHFLPHQV7KHWHVWSDUDPHWHUVDQGREWDLQHGUDSWXUHOLIHVWUDLQ
DQGOLIHIUDFWLRQYDOXHVDUHVXPPDUL]HGLQ7DEOH
7DEOH'HWDLOVRIWKHFUHHSWHVWHGVDPSOHV
&UHHSWLPHK 5DSWXUHOLIHWUK /LIHIUDFWLRQWWU 6WUDLQ
   
   
   
   
   
   
   
   
   
   

5HVXOWV
$VDQLOOXVWUDWLRQVRPHPHDVXUHGK\VWHUHVLVORRSVDQGQRUPDOPDJQHWL]DWLRQFXUYHVRIWKHFUHHSWHVWHG
VDPSOHVDUHSORWWHGLQ)LJ$VLWFDQEHVHHQWKHPHDVXUHGK\VWHUHVLVORRSVDUHIDUIURPWKHPDJQHWLF
VDWXUDWLRQ 7KH ZLGWK RI K\VWHUHVLV ORRS GHFUHDVHV FRQWLQXRXVO\ GXH WR FUHHS SURFHVV 7KHUHIRUH
FRQWLQXRXVPDJQHWLFVRIWHQLQJZDVGHWHFWHGGXULQJWKHFUHHSSURFHVV
7KHH[SHULPHQWDOQRUPDOFXUYHVZHUHJHQHUDWHGDVWKHORFLRIWKHFURVVRYHUSRLQWVRIWKHXSJRLQJDQG
GRZQJRLQJ SDUWV RI WKHPHDVXUHGPLQRU K\VWHUHVLV ORRSV7KH WKHRUHWLFDO QRUPDOPDJQHWL]DWLRQ FXUYH
FDOFXODWHGIURPWKHK\SHUEROLFPRGHORIPDJQHWL]DWLRQZDVILWWHGWRWKHPHDVXUHGSRLQWVRIWKHQRUPDO
FXUYHDVLOOXVWUDWHGLQ)LJ
7KHVDWXUDWLRQILHOGRIWKHVWXGLHG&U0R9VWHHOVZKLFKLVDSSUR[LPDWHO\WKDQ$FP,QRXU
H[SHULPHQWV OHVV WKDQ$FPH[FLWDWLRQ ILHOGZDVDSSOLHG WKHUHIRUHRQO\ WKH LQLWLDOSDUWRI WKHQRUPDO
PDJQHWL]DWLRQFXUYHZDVPHDVXUHG
7KHILWWLQJSDUDPHWHUVRIWKHK\SHUEROLFPRGHOZHUHGHWHUPLQHGE\DSSO\LQJWKH/HYHQEHUJ0DUTXDUGW
LWHUDWLRQPHWKRG ,Q DOO FDVHV WKH ILWWHG QRUPDOPDJQHWL]DWLRQ FXUYHV DUH SUDFWLFDOO\ SHUIHFWO\ ILW WR WKH
H[SHULPHQWDOSRLQWV7KHGHWHUPLQLVWLFFRHIILFLHQWV5RIWKHILWWHGFXUYHVZHUHDOZD\VEHWWHUWKDQ
7KH LQWURGXFHG VWUXFWXUH VHQVLWLYH GHVFULSWRU ĬZDV FDOFXODWHG IURP WKH SDUDPHWHUV RI WKHPRGHO ,WV
YDOXHVZHUHSORWWHGDJDLQVWWKHOLIHIUDFWLRQRIFUHHSVDPSOHVLQ)LJ,WLVVXSSRVHGWKDWWKH,,,DQG,,,
VWDJHVPDUNHGDW)LJFRUUHVSRQGWRWKHSULPDU\FUHHSVHFRQGDU\FUHHSDQGWHUQDU\FUHHSUHVSHFWLYHO\
7KHVH UHVXOWVDUH LQJRRGDJUHHPHQWZLWK WKHREVHUYDWLRQVRI6.RED\DVKLHWDO >@RQ WKH VDPHFUHHS
WHVWHGPDWHULDO
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0HDVXUHGSRLQWV
+\SHUEROLFPRGHO
)LJ  0HDVXUHG K\VWHUHVLV ORRSV DQG QRUPDO PDJQHWL]DWLRQ
FXUYHVRIVRPHWHVWHGVDPSOHV
)LJ 7KH H[SHULPHQWDO SRLQWV DQG WKH ILWWHG QRUPDO
PDJQHWL]DWLRQFXUYH

%HIRUH WKH FUHHS WHVW WKH FHOO VL]H LV VPDOO DQG WKH GLVORFDWLRQ GHQVLW\ ZLWKLQ WKH FHOO LV KLJK ,Q
DGGLWLRQ WKHPDWUL[ LQFOXGHV D ODUJH QXPEHU RI GLVVROYHG FDUERQ DWRPV 7KHUHIRUH WKH FHOO ERXQGDU\
GLVORFDWLRQVDQGGLVVROYHGFDUERQZLOOVWURQJO\SLQPDJQHWLFGRPDLQZDOOVUHVXOWLQJLQDKLJKYDOXHRI
WKH Ĭ $V WKH FUHHS SURFHVV SURJUHVVHV WKH VXEJUDLQ VL]H PRQRWRQLFDOO\ LQFUHDVHV DQG WKH GLVVROYHG
FDUERQDWRPVPLJUDWHIURPDPDWUL[WRWKHFHOORUVXEJUDLQERXQGDU\DQGIRUPFDUELGHSUHFLSLWDWHVDORQJ
WKHERXQGDU\7KLVOHDGVWRWKHOHVVHUSLQQLQJHIIHFWLQDPDWUL[>@7KHVHPLFURVWUXFWXUDOFKDQJHVRI
WKHPLFURVWUXFWXUHDUHVXSSRVHGWROHDGWRWKHPDJQHWLFVRIWHQLQJRIWKHPDWHULDO
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)LJ7KHLQWURGXFHGVWUXFWXUHVHQVLWLYHGHVFULSWRUĬLQ
IXQFWLRQRIOLIHIUDFWLRQ
)LJ7KHFRHUFLYLW\DJDLQVWWKHĬSDUDPHWHU
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
7KH FRHUFLYH ILHOG VWUHQJWK +F RI WKH VDPSOHV ZDV PHDVXUHG E\ D '& FRHUFLPHWHU 7KH KLJKHVW
PDJQHWL]DWLRQ ILHOG ZDV  $FP ZKLFK ZDV GHILQLWHO\ HQRXJK IRU WKH FRPSOHWH VDWXUDWLRQ RI WKH
VDPSOHV,WZDVIRXQGWKDWWKHĬSDUDPHWHULVSUDFWLFDOO\OLQHDUO\SURSRUWLRQDOWRWKHFRHUFLYLW\)LJ
6XPPDU\
&KDQJHVRIPDJQHWL]DWLRQFXUYHVRI&U0R9IHUULWLFVWHHOVVXEMHFWHGWRDWHQVLOHFUHHSDW.ZHUH
VWXGLHG 7KH K\SHUEROLFPRGHO RIPDJQHWL]DWLRQZDV DSSOLHG IRU GDWD HYDOXDWLRQ 7KH SUHVHQW IRUP RI
K\SHUEROLFPRGHORIPDJQHWL]DWLRQJLYHVDFORVHGIRUPPDWKHPDWLFDOGHVFULSWLRQRIPDJQHWLFK\VWHUHVLV
ORRSV DQGQRUPDOPDJQHWL]DWLRQ FXUYHVEDVHGRQSK\VLFDO SULQFLSOHVXVLQJ ILYH ILWWLQJ SDUDPHWHUV7KH
QRUPDO PDJQHWL]DWLRQ FXUYHV RI WKH VDPSOHV ZHUH PHDVXUHG DQG WKH WKHRUHWLFDO QRUPDO PDJQHWL]DWLRQ
FXUYHVFDOFXODWHGIURPWKHK\SHUEROLFPRGHOZHUHILWWHGWRWKHP$QHZVWUXFWXUHVHQVLWLYHSDUDPHWHUĬ
ZDVGHULYHGIURPWKHK\SHUEROLFPRGHORIPDJQHWL]DWLRQ
7KHĬSURYHGWREHDVHQVLWLYHLQGLFDWRURIWKHPLFURVWXFWXUDOSURFHVVHVFDXVHGE\FUHHSDQGLWVYDOXH
VKRZVDJRRGOLQHDUUHODWLRQZLWKWKHFRHUFLYLW\,WLQGLFDWHVWKDWWKHDSSOLFDWLRQRIK\SHUEROLFPRGHOIRU
GDWDHYDOXDWLRQFDQEHXVHIXOIRUPRQLWRULQJFUHHSGDPDJHLQIHUULWLFVWHHOV
7KHGHFUHDVHRIWKHĬDQGFRHUFLYLW\GXULQJFUHHSLVFRQVLGHUHGWRUHIOHFWWKHLQFUHDVHLQVXEJUDLQVL]H
DVZHOODVWKHGLIIXVLRQRIGLVVROYHGFDUERQIURPDPDWUL[WRWKHERXQGDU\RIFHOORUVXEJUDLQ
7KHPDLQDGYDQWDJHRIWKHQRYHOĬVWUXFWXUHVHQVLWLYHSDUDPHWHULVWKDWLWFDQEHDFFXUDWHO\GHWHUPLQHG
IURP WKH LQLWLDO SDUW RI WKH QRUPDO PDJQHWL]DWLRQ FXUYH ,W LV HVSHFLDOO\ LPSRUWDQW LQ FDVH RI LQ VLWX
PDJQHWLF PHDVXUHPHQWV RI VWUXFWXUDO SDUWV 7KHUHIRUH WKHVH UHVXOWV FDQ EH XVHIXO IRU GHYHORSLQJ QRQ
GHVWUXFWLYHPDJQHWLFWHVWLQJGHYLFHVIRUFUHHSGDPDJHGHWHFWLRQ
$FNQRZOHGJHPHQWV
7KLV ZRUN LV FRQQHFWHG WR WKH VFLHQWLILF SURJUDP RI WKH  'HYHORSPHQW RI TXDOLW\RULHQWHG DQG
KDUPRQL]HG5',VWUDWHJ\DQGIXQFWLRQDOPRGHODW%0(SURMHFW7KLVSURMHFWLVVXSSRUWHGE\WKH1HZ
+XQJDU\ 'HYHORSPHQW 3ODQ 3URMHFW ,' 7È023%.05 DQG WKH 27.$
UHVHDUFKSURMHFW&.
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